Introduction: Breast cancers are increasingly recognized as heterogeneous based on expression of receptors for estrogen (ER), progesterone (PR), and human epidermal growth factor receptor 2 (HER2). Triple-negative tumors (ER
Introduction
Breast cancer is the most frequently diagnosed cancer among adolescent and young adult (AYA) women 15 to 39 years of age [1] . Currently, AYA breast cancer accounts for approximately 14% of all AYA cancer diagnoses and 7% of all breast cancer diagnoses [1, 2] . Evidence suggests that AYA breast cancer may be etiologically as well as clinically distinct from breast cancer in older women [2] . When breast cancer occurs in AYAs, it differs from that occurring in older women in several ways: a worse prognosis and more-aggressive phenotype, higher proportions of high-grade and later stage tumors, lower estrogen receptor (ER) positivity, and overexpression of human epidermal growth factor receptor 2 (HER2) [1, 3, 4] . Understanding differences between AYA cancers and those occurring in older populations has been set forth by the National Cancer Institute and LIVESTRONG Young Adult Alliance as important in light of stalled progress in improving outcomes among AYAs with cancer [5] .
We recently reported in a large, population-based series from California that the hormone receptor negative, HER2 positive (HR -/HER2 + ) and triple-negative (ER negative/progesterone receptor (PR) negative/HER2 negative) tumors were more common in younger women [4, 6] . Other California-based analyses have found a higher incidence rate of triple-negative breast cancer in young (younger than 44 years) Blacks compared with Whites or Hispanics (2004 to 2006) [7] and that young age was associated with triplenegative breast cancer in 1999 to 2003 [8] and 1999 to 2004 [9] data. The Carolina Breast Cancer Study also found triple-negative breast cancer to be more common in premenopausal than postmenopausal women [10] . However, besides triple-negative breast cancer [7] , no previous studies have reported incidence rates by molecular breast cancer subtypes in AYAs. Therefore, the better to understand the occurrence of AYA breast cancer subtypes, we took advantage of HER2 data recently available for breast cancers occurring in the large and diverse California population from 2005 to 2009. In addition, we compared the subtype distribution and demographic and tumor characteristics in AYAs with those in older premenopausal (40 to 49 years) and postmenopausal (50+ years) women.
Methods

Cancer cases
We obtained from the California Cancer Registry (CCR) information about all female California residents diagnosed with an invasive breast cancer (International Classification  of Disease for Oncology, 3 rd Edition, (ICD-O-3) site codes C50.0-50.9) during the period January 1, 2005, through December 31, 2009. Individual informed consent was not obtained, as the analysis was based on state-mandated cancer registry data. For each breast cancer case, we obtained information routinely abstracted from the medical record on age at diagnosis, race/ethnicity (Hispanic, non-Hispanic White, non-Hispanic Black, and non-Hispanic Asian/Pacific Islander, hereafter referred to as "White", "Black", "Hispanic", and "Asian"), AJCC stage at diagnosis (I, II, III, IV, or unstaged/not applicable (NA)), tumor size (≤2 cm, > 2 cm, microinvasion, diffuse, or unknown), grade (low, high, or unknown), ER, PR, and HER2 tumor-expression status, sequence number (first primary or non-first primary), and prior cancer (no, yes, or unknown). The CCR has collected information on ER and PR since 1990 and on HER2 since 1999 [8] . Before the year 2005, 41% of cases lacked HER2 data, but data completeness has increased to at least 83% since that time. Because of the initial reduced reliability of HER2-receptor status [11] and data completeness, we limited our analyses to between 2005 and 2009. ER and PR were evaluated with dextran-coated charcoal assays or immunohistochemistry (IHC); HER2 was tested with IHC or fluorescence in situ hybridization. Each marker was reported as positive, negative, borderline, not tested, not recorded, or unknown, based on the test performed by the laboratory at the reporting facility [12] .
Of the 141,002 female breast cancer cases 15 years or older diagnosed between 2005 and 2009 in California, we excluded cases with in situ breast cancer (n = 27,276), inflammatory carcinoma (n = 697), Paget disease (n = 26), mammographic or xerographic diagnosis only (n = 383), and death certificate only (n = 363). [11, 13, 14] .
Population denominator data
We obtained population counts by sex, race/ethnicity, and 5-year age group for the state of California from the 2000 Census Summary File 3 (SF-3) [15] . Data from the 20% Integrated Public-Use Microdata Sample of the Census also were used to estimate age-specific population counts for Hispanics [16] by smoothing with a spline-based function.
Statistical analysis
SEER*Stat software [17] was used to compute age-adjusted incidence rates (standardized to the 2000 US standard million population) and 95% confidence intervals (CIs) for invasive breast cancer. We calculated incidence-rate ratios (IRRs) comparing rates by race/ethnicity, with Whites as the reference. To evaluate differences in the clinical characteristics of breast cancer subtypes by age group (15 to 39 years versus 40 to 49 years; 15 to 39 years versus older than 50 years), and we used logistic regression to calculate odds ratios (OR) and associated 95% confidence intervals (CIs). Models included race/ethnicity, year of diagnosis, stage at diagnosis, grade, and first primary cancer, and were analyzed by using SAS version 9.2 (Cary, NC, USA). This project was approved by the institutional review board of the Cancer Prevention Institute of California.
Results
The overall, age-adjusted incidence rate for breast cancer among all AYAs was 18.9 per 100,000 women (95% CI, 18.4 to 19.4). Incidence of breast cancer for all subtypes increased rapidly between 15 and 39 years of age ( Figure 1 ). Substantial racial/ethnic differences were found in AYA breast cancer. Compared with Whites, Blacks were 24% less likely to have the HR + /HER2 -subtype and 61% more likely to have the triple-negative subtype. Unlike in the other racial/ethnic groups, in which the incidence of HR + /HER2 -is higher than triple-negative breast cancer, Blacks had a similar incidence of HR + /HER2 -and triple-negative subtypes. In addition, Hispanics were 35% less likely to be diagnosed with the HR + /HER2 -subtype, and Asians were 36% less likely to be diagnosed with the triple-negative subtype than were Whites ( Table 2 ).
Comparison of subtypes between age groups
HR + /HER2 -was the most common subtype among all age groups, and HR -/HER2 + was the least; however, the relative contribution of each subtype varied within age categories ( Figure 2 ). HR + /HER2 -comprised an increasing proportion of all breast cancer diagnoses across the life span. By contrast, the relative contribution of HR + /HER2 + , HR -/HER2 + , and triple-negative decreased in successive age groups. [10, 18] . The lower proportion of HR + /HER2 -breast cancer in AYAs compared with older women in our study may contribute to the poor prognosis reported for AYA breast cancer patients as a whole [3] .
Comparison of patient and clinical characteristics between age groups
Poor prognoses among AYAs are particularly relevant to Black, Hispanic, and Asian women, who comprised a larger proportion of young compared with older breast cancer patients. Our results are consistent with previous reports of a higher incidence of breast cancer, especially triple-negative breast cancer [7, 8] , in young Blacks and relatively lower rates with increasing age for Hispanic and Asian women compared with Whites [19, 20] . Black women have a high burden of triple-negative breast cancer, which is associated with poorer outcomes after breastconserving therapy compared with other subtypes [21] . In contrast, Asian 15 to 39 year-olds had a much lower incidence of triple-negative breast cancer, consistent with our previous analyses [4, 6] . We did not find an excess of breast cancer among Asians, in contrast to another California study using different methods of rate calculation [22] . Black and Hispanic women younger than 35 years have Keegan
been found to have a poorer survival than White women [23] , a finding that could be due, in part, to the lower proportion of HR + /HER2 -cancer in Black and Hispanic AYAs and a higher proportion of triple-negative breast cancer in Blacks.
Risk factors for breast cancer when treated as a single entity have been reported to differ by age [24] , race/ethnicity [25, 26] , and hormone-receptor status [27] [28] [29] [30] [31] . Multiparity [24] , prior mantle radiation for Hodgkin lymphoma [32] , oral contraceptive use [33] , and a low body mass index [34] are associated with breast cancer in young women and may vary by race/ethnicity [35, 36] . Although studies have found that White women are more likely to experience risk factors for postmenopausal breast cancer, similar associations based on race/ethnicity are less clear for young women and should be the focus of future research. Given the differences observed in subtype distribution by age, it is probable that subtype-specific risk factors explain the heterogeneity of risk observed for breast cancer as a single entity.
Risk factor heterogeneity also has been reported by tumor ER and PR status [29, 37] and, more recently, for HER2 status [11, 29] . In pooled analyses, reproductive risk factors (age at menarche, parity, and age at first birth) and body mass index were associated with risk of HR positive, but not triple-negative tumors [31] . The only risk factor associated with the development of triple-negative tumors was family history, which was associated positively with all subtypes [31] . The Women's Health Initiative also reported appreciable differences among postmenopausal Statistic not displayed because of fewer than 15 cases. Keegan 
women for ER-positive versus triple-negative breast cancers with regard to risk factor associations with reproductive history and oral contraceptive use [28] , but not body size or physical activity [27] . Future studies should continue to include information on HER2 status and also address how risk factors are associated with breast cancer subtypes, while considering age and race/ethnicity.
Genetic or other non-environmental contributions may explain the higher incidence of triple-negative breast cancer among Black women than White women [30] . A greater proportion of early breast cancer diagnoses are associated with germline mutations of BRCA1/2 [38] and TP53 [39] . BRCA1 mutations are associated with triplenegative breast cancer [40] , which may contribute to the early age distribution of this subtype. Efforts to determine the prevalence of BRCA1/2 mutations in White versus Black populations, however, have been mixed [30, 41] . Li Fraumeni syndrome, due to TP53 mutations, also is more prevalent in early-onset HR -/HER2 + breast cancer [42] , but the incidence of this disease is not known to differ by race/ethnicity [39] .
Compared with older women, AYAs in our study were more likely to be diagnosed with stage III/IV and higher grade breast cancer and less likely to have been diagnosed with a previous cancer. Our multivariable-adjusted stage and grade results are consistent with results from univariate analyses in smaller studies [3, 43] . Given the lack of screening mammography advisements for AYAs, whose diagnoses tend to follow identification of a palpable mass [44] , it is not surprising that these women would present with later stage, higher grade disease. Despite the expectation that AYAs are more likely to have genetic syndromes that predispose them to cancer [39, 41] , we found that older women were more likely to have a prior cancer; presumably because older women had more time to acquire cancer-causing mutations.
Our study is the first, to our knowledge, to use population-based registry data for which ER, PR, and HER2 status are sufficiently complete to present breast cancer incidence rates in AYAs for the four major molecular subtypes by race/ethnicity. Another strength of our study is the relatively low percentage (16%) of women whose breast cancers were unclassified because of missing ER, PR, or HER2 receptor information compared with prior analyses [7, 8] . To maximize the availability of HER2-receptor status, however, our study was restricted to diagnoses between 2005 and 2009, limiting the number of AYAs included. Although the reliability of ER and PR tests can be controversial [45] , evidence suggests that results from a centralized pathology laboratory agree with registry reports for ER and PR status [46] . However, HER2 testing between community-based hospitals and centralized reference laboratories has been found to contain some disagreement [47] . Consensusbased methods to improve laboratory assays will continue to increase the reliability of ER, PR, and HER2 tests [48, 49] . As with other studies that consider breast cancer subtype according to receptor status, we may be limited in that subtypes determined by ER, PR, and HER2 receptor status serve only as a proxy for full genetic profiling. These ER, PR, and HER2 designations, however, guide clinical treatment [50] and are becoming increasingly useful in epidemiologic research [4, 10, 21, 29] . Our study is also subject to the potential misclassification of race/ethnicity, although we have detected excellent overall agreement with self-reported race/ethnicity for Whites and Blacks, and intermediate agreement for Hispanics and Asians [51, 52] .
Conclusions
Our study adds to the evidence that AYA women with breast cancer have larger proportions of HR + /HER2 + , HR -/HER2 + , and triple-negative subtypes as compared with older women. Compared with White AYAs, Black and Hispanic women had lower incidence rates of HR + /HER2 -cancer, whereas Black women had higher rates and Asians had lower rates of triple-negative breast cancer. In addition, AYAs are more likely to be of Black, Hispanic, or Asian than of White race/ethnicity and diagnosed with stage III/IV and high-grade disease compared with older women. The subtype distributions may explain the poorer breast cancer survival previously observed in AYAs. Additional research is needed to understand more fully the racial/ethnic differences in breast cancer subtypes among AYAs. 
